MicroRNA-9 (miR-9) is emerging as a critical regulator of organ development and neurogenesis. It is also deregulated in several types of solid tumors; however, its role in hematopoiesis and leukemogenesis is not yet known. Here we show that miR-9 is detected in hematopoietic stem cells and hematopoietic progenitor cells, and that its expression increases during hematopoietic differentiation. Ectopic expression of miR-9 strongly accelerates terminal myelopoiesis and promotes apoptosis in vitro and in vivo. Conversely, in hematopoietic progenitor cells, the inhibition of miR-9 with a miRNA sponge blocks myelopoiesis. Ecotropic viral integration site 1 (EVI1), required for normal embryogenesis, is considered an oncogene because its inappropriate up-regulation induces malignant transformation in solid and hematopoietic cancers. Here we show that EVI1 binds to the promoter of miR-9-3, leading to DNA hypermethylation of the promoter and repression of miR-9. Moreover, miR-9 expression reverses a myeloid differentiation block that is induced by EVI1. Our findings indicate that EVI1, when inappropriately expressed, delays or blocks myeloid differentiation at least in part by DNA hypermethylation and down-regulation of miR-9. It was reported that Forkhead box class O genes (FoxOs) inhibit myeloid differentiation and prevent differentiation of leukemia-initiating cells. Here we identify both FoxO1 and FoxO3 as direct targets of miR-9 in hematopoietic cells and find that up-regulation of FoxO3 inhibits miR-9-induced myelopoiesis. These results reveal a unique role of miR-9 in myelopoiesis and in the pathogenesis of EVI1-induced myeloid neoplasms and provide insights into the epigenetic regulation of miR9 in tumorigenesis.
M icroRNAs (miRNAs) are emerging regulators of gene expression at the posttranscriptional level; they are short noncoding RNAs of [20] [21] [22] nucleotides that destabilize the transcript of target genes or inhibit their translation by interacting with complementary sequences in the 3′ UTR of the target transcripts (1) . Growing evidence indicates that miRNAs have an important role in tissue and lineage development and, when deregulated, also in the pathogenesis of cancer. Several miRNAs are expressed in a tissue-specific pattern and have cell contextdependent functions. MicroRNA-9 (miR-9) regulates normal neurogenesis (2) (3) (4) . In adult neural progenitor cells (NPCs), miR-9 down-regulates cell proliferation and accelerates neural differentiation (5), whereas in early NPCs originating from human ES (hES) cells at the neurosphere stage, miR-9 increases proliferation and suppresses migration of NPCs (6) . Taken together, these results indicate that miR-9 has strictly context-dependent functions and can either promote or suppress NPCs proliferation and differentiation at different stages of brain development (7) . Less information is available on the role of miR-9 in other tissues, although it was detected in normal hepatocyte differentiation (8) and retina development (9) and has been implicated in the regulation of proinflammatory response (5, 10) . To date, there are no published studies on miR-9 function in normal hematopoiesis.
There are many reports of aberrant miR-9 expression in several cancers, suggesting that miR-9 can act as an oncogene or as a tumor suppressor. miR-9 up-regulation was observed in Hodgkin's lymphoma (11) , primary brain tumors (12) , caudal-type homeobox protein 2-negative gastric cancer (13) , and endometrial cancer (14) , whereas miR-9 down-regulation was reported in cervical (15) , colorectal (16) , non-small-cell lung (17) , and ovarian cancer (18) , and in hepatocellular (19) and gastric carcinoma (20) . miR-9 down-regulation is considered a poor survival marker in cervical cancer (15) , lung squamous cell carcinoma (17) , and in acute lymphoblastic leukemia (21) , and it was associated with development of cancer metastasis (19, (22) (23) (24) . Silencing of miR-9 by cytosine-phosphate-guanine (CpG) island hypermethylation was found in many tumors (16, 17, (21) (22) (23) 25) , clearly indicating that miR-9 possesses tumor suppressor features. However, the molecular mechanism leading to miR-9 silencing in cancer has not been defined.
Ecotropic viral integration site 1 (EVI1), first identified as a murine common locus of retroviral integration in myeloid leukemia (26) , has been implicated in several human myeloid disorders (27) and more recently in solid tumors (28) (29) (30) . It is inappropriately activated in myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) (31) . Forced expression of EVI1 in murine bone marrow (BM) cells leads to a disease with features very similar to those reported in MDS patients (32) , including hypercellular marrow, ineffective and dysplastic hematopoiesis, and severe cytopenia. Here, we identify miR-9 as a unique regulator of myeloid differentiation, which can be silenced by EVI1 in lineage-negative (Lin − ) BM cells by promoter hypermethylation. Ectopic expression of miR-9 reverses the block of myeloid differentiation induced by EVI1.
The Forkhead box (FOX) transcription factors are characterized by a forkhead DNA-binding domain and are required during embryogenesis and in adult organisms (33) . The human FOXO family of transcription factors includes four members, FOXO1, FOXO3, FOXO4, and FOXO6, that regulate the expression of genes associated with cell cycle arrest, DNA repair, oxidative stress resistance, and apoptosis (34) . FoxOs are involved in the regulation of myelopoiesis. In mice, the loss of FoxO1/3/4 led to the expansion of myeloid cells (35) and induced the myeloid differentiation of MLL-AF9 leukemia-initiating cells (33) . We find that miR-9 binds to the 3′ UTR of FoxO1 and FoxO3, thereby downregulating their expression. Interestingly, up-regulation of FoxO3 suppresses miR-9-induced myelopoiesis, suggesting that in hematopoietic progenitor cells, FoxO1 and FoxO3 are targets of miR-9. Taken together, our data indicate that there is an unexpected link between EVI1, miR-9 repression, and up-regulation of FoxO1 and FoxO3 genes. These findings could help to improve understanding of not only the normal role of miR-9 in hematopoiesis but also the molecular basis of EVI1-positive leukemia.
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Results miR-9 Is Expressed in Mature Hematopoietic Cells. To determine whether miR-9 is involved in the regulation of hematopoiesis, we examined the expression of this small gene in subpopulations of BM cells. In mouse and human, miR-9 is encoded by three genes, miR-9-1, miR-9-2, and miR-9-3; to determine whether one of them is involved in normal hematopoiesis, we quantified each pre-miR-9 isoform by quantitative RT-PCR (qRT-PCR) in BM cell subpopulations isolated from C57B/L6 mice at 8 wk of age. The results indicate that the miR-9-3 isoform is the most highly expressed, followed by miR9-1, and that miR-9-2 is almost undetectable in the mouse hematopoietic cells (Fig. 1A) . A similar trend was observed in human hematopoietic cells (Fig. S1A) Fig. 1B ). Mature miR-9 also demonstrated the highest expression in mature myeloid cells (Fig. 1C) . The expression of pre-miR-9 was confirmed by gel electrophoresis (Fig. S1B) . Together, these data suggest that miR-9-1 and -3 are preferentially expressed during terminal myelopoiesis, and could therefore have a role in myeloid differentiation.
In Vitro Ectopic Expression of miR-9 Promotes Myeloid Differentiation, Whereas Inhibition of miR-9 Suppresses Terminal Myelopoiesis. To determine the function of miR-9 in primary Lin − BM cells, we cloned human miR-9-1 and mouse miR-9-3 in the retroviral vector Migr1 [murine stem cell virus-internal ribosome entry site-EGFP (MSCV-IRES-EGFP)]. The expression of both miRs was confirmed by RT-PCR (Fig. S2A) . Serial replating assays in methylcellulose revealed that in the first plating there was a transient increase of clonogenicity and proliferation in the miR-9-positive cells compared with the control cells infected with the empty Migr1 vector. This increase was followed by a significant drop in cell and colony number at the second plating ( Fig. 2 A and  B) . Morphological and FACS analyses ( Fig. 2 C and D; Fig. S2B ) demonstrated that miR-9 strongly accelerated myeloid differentiation compared with the control cells. In contrast, a miR-9-specific sponge, which competes with the endogenous miR-9 binding sites (24) , delayed myelopoiesis ( binding protein α (C/ebpα), which is expressed predominantly in granulocytes and monocytes (34) . As shown in Fig. 2E , C/ebpα was up-regulated in cells expressing miR-9 in the first plating, suggesting that an increased number of differentiated granulocytes and monocytes are in the culture.
miR-9 Enhances Myelopoiesis but Inhibits Lymphopoiesis in Vivo.
To determine whether forced expression of miR-9 affects myeloid differentiation in vivo, we isolated Lin − BM cells from C57B/L6 mice and infected the cells with the empty Migr1 or miR-9-3 or sponge miR-9 retroviruses, followed by BM transplantation into lethally irradiated recipient mice. At 7 wk after transplantation, EGFP + BM cells isolated from the reconstituted mice were characterized. As shown in Fig ) in miR-9-EGFP + was lower than in the controls (Fig. 3C ). Taken together, these results indicate that in vivo miR-9 promotes myelopoiesis but inhibits lymphopoiesis.
Ectopic Expression of miR-9 Induces Apoptosis of Lin
− BM Cells in Vitro and in Vivo. Because we observed a significant decrease of the miR-9-positive cells between the first and the second plating ( Fig. 2 A and B) , we asked whether this drop could correlate with an increase in apoptosis. Therefore, we infected Lin − BM cells with the empty vector, miR-9-3, or sponge miR-9, cultured the cells, and quantified the proapoptotic cells by flow cytometry 4 and 8 d later. We found that the expression of miR-9-3 did not affect apoptosis at day 4 ( Fig. S4A) but significantly increased the number of apoptotic cells at day 8 ( Fig. S4 B and D) , indicating that apoptosis was associated with the late stage of myelopoiesis. Similar results were obtained during the G-CSF-induced differentiation of 32Dcl3 cells (Fig. S4C) . To confirm the results in vivo, an aliquot of the infected cells were transplanted in irradiated syngeneic mice. Hematopoietic cells were isolated 7 wk after transplantation and analyzed. The results (Fig. 3D) show that miR-9-EGFP + Lin − or total BM cells displayed a higher frequency of apoptosis than control EGFP + , whereas sponge miR-9-EGFP + cells had a slightly decreased apoptosis. These results suggest that miR-9-induced enhanced myeloid differentiation is accompanied by an enhanced apoptosis.
EVI1 Represses miR-9 Expression by Hypermethylation of the Promoter.
In a previous study, we identified several miRs that are deregulated by EVI1, and found that miR-9 was down-regulated in EVI1
+ BM cells by array analysis (36) . To confirm this observation, we performed qRT-PCR of miR-9 in EVI1-infected BM cells, and found that miR-9 is indeed suppressed by EVI1 in Lin − BM cells (Fig. 4A) . To determine whether EVI1 associates with the regulatory region of miR-9-3, we performed a ChIP assay. 293T cells were transiently transfected with plasmids expressing HA-tagged EVI1 or the empty vector. The nuclear proteins associated with chromatin were immunoprecipitated with anti-HA antibody that recognize the epitope-tagged EVI1 or with anti-DNA (cytosine-5-)-methyltransferase 3-β (Dnmt3b) antibody. As shown in Fig. 4B Lower (lanes 2 and 4) , both antibodies efficiently coprecipitate with a DNA fragment located in the regulatory region of miR-9-3, suggesting that EVI1 and Dnmt3b associate with this DNA region.
It was reported that the three miR-9 genes can be aberrantly and preferentially hypermethylated in different malignances leading to their down-regulation (16, 17, (21) (22) (23) 25) . Because we recently found that EVI1 stimulates de novo DNA methylation in vivo (36, 37) , we evaluated the methylation status of the regulatory region of miR-9-3 in BM cells infected with the vector or EVI1. Direct sequencing of bisulfite-converted genomic DNA 10 d after infection clearly showed that EVI1 induces an increase of de novo DNA methylation in this miR-9-3 region. The methylation was significantly higher at the CGGAGTCCG motif (Fig.  4C) . The miR-9-3 upstream regulatory region does not contain known EVI1 binding sites close to the CpG-enriched region.
To evaluate the mechanism by which EVI1 induces DNA methylation and the role of the de novo DNA methyltransferase Dnmt3b, we generated several reporter plasmids by inserting fragments of the regulatory region of miR-9-3 (from nucleotides −460, −200, or −134 to nucleotides +58) upstream of the luciferase reporter gene (Fig. 4D, Upper) . To avoid artifacts due to transient transfection and to provide a proper chromatin structure for the reporter gene, these plasmids were stably integrated in NIH 3T3 cells. The stably transfected NIH 3T3 cells were used to read the response of the artificial promoter to effector plasmids (empty vector, EVI1, Dnmt3b, and EVI1 + Dnmt3b). The results of the reporter gene assays (Fig. 4D, Lower) show that when EVI1 or Dnmt3b are expressed by themselves, there is no significant repression of the reporter gene. However, when EVI1 is coexpressed with Dnmt3b there is a significant repression of the reporter gene, indicating that EVI1 requires the cooperation of Dnmt3b to down-regulate miR-9-3. This effect is more prominent with the two longer constructs containing the region between nucleotides −460 and −200, and the removal of this region significantly reduces the repression in cells expressing both EVI1 . The mice were analyzed 7 wk post-bone marrow transplantation. *P < 0.05; **P < 0.01; ***P < 0.001.
and Dmnt3b. By analogy with results reported for miR-124-3 (37), it is possible that a DNA-methylating complex including EVI1 and DNMT3b could preferentially recognize and bind to this region of miR-9-3 promoter.
miR-9 Reverses the Inhibition of Myeloid Differentiation of EVI1-
Positive BM Cells. EVI1 delayed or blocked myeloid differentiation in BM primary cells and in a hematopoietic cell line (38, 39) . Thus, we hypothesized that miR-9 could partially mediate the inhibition of myeloid cell differentiation induced by EVI1 in BM cells.
To confirm this hypothesis, we performed serial replating assays in methylcellulose of Lin − BM cells infected with the empty vector, miR-9-3, EVI1, or EVI1/miR-9-3. In agreement with our previous results, we found that EVI1 delayed myeloid differentiation (Fig. 5  A and B) . In contrast, miR-9 accelerated myelopoiesis, indicating that in myelopoiesis, EVI1 and miR-9 have opposite effects. More importantly, we also found that when miR-9 was coexpressed with EVI1, the differentiation of these cells was comparable to the control cells (Fig. 5C ). However, miR-9-mediated rescue of myelopoiesis in EVI1-positive cells was not complete, probably because of the deregulation of additional factors by EVI1. miR-9 Regulates the Expression of FoxO1 and FoxO3. To understand the molecular pathway by which miR-9-3 enhances myelopoiesis, we evaluated the expression of several miR-9 potential targets. This assay was carried out 6 d after infection of Lin − BM cells. There are predicted miR-9 binding sites located on the 3′ UTR region of FOXO1 and FOXO3 genes. In addition, FOXOs are involved in myeloid cell differentiation and leukemogenesis (33, 35) . Therefore, we hypothesized that FOXOs may be the critical targets of miR-9 in hematopoietic cells. We determined the expression of FoxO1 and FoxO3 in miR-9-expressing cells by qRT-PCR, and found that these cells had a reduced expression of FoxO1 and FoxO3 compared with control cells (Fig. 6A) . To validate these genes as true miR-9 targets, we cloned 583-bp or 477-bp DNA fragments containing the predicted miR-9 binding sites from the 3′ UTR of the murine FoxO1 or FoxO3 into the vector promoter Mir-Report (pMir-Report) and performed reporter gene assays. As shown in Fig. 6B, miR-9 repressed the luciferase activity of the reporter. To determine whether FoxO3 mediates the function of miR-9 in myelopoiesis, we coexpressed miR-9 with a constitutively active form of FoxO3 (FoxO3-3A) in Lin − BM cells in vitro. The percentage of myeloid cells was analyzed by flow cytometry 3 d after infection. The mature myeloid cells (Mac-1 + Gr-1 + ) were increased about threefold in miR-9-positive BM cells compared with control BM cells; however, these differentiated cells were significantly reduced when miR-9 and FoxO3-3A were coexpressed in BM cells ( Fig. 6C; Fig.  S5 ). We found that expression of FoxO3-3A alone did affect the myeloid cell differentiation of BM cells in vitro. These data suggest that the expression of FoxO3-3A suppressed the myeloid cell differentiation induced by miR-9 ( Fig. 6C; Fig. S5 ). By analysis of a published dataset of 82 AML samples (USA-Set-III; ref. 40) , after excluding the five MLL leukemia samples, we found a significant positive correlation between EVI1 and FOXO3 expression (r = 0.45, P < 0.0001; Fig. S6 ).
Discussion
During the past few years, it has become clear that miRNAs have crucial roles in the regulation and maintenance of normal and malignant cells. Several miRNAs have been associated with hematopoietic differentiation, and their deregulation was reported in leukemia (41) . Our findings identify miR-9 as a unique player in normal and malignant myelopoiesis. In human, miR-9 is processed from three precursors (miR-9-1, -2, and -3) located on chromosomes 1, 5, and 15, respectively. miR-9-1 and miR-9-2, but not miR-9-3, are expressed in vertebrate brain (42) . Here, we report that in hematopoietic cells miR-9-3 is the most abundant isoform, whereas miR-9-2 is virtually undetected. A recent study showed that miR-9-2, miR-9-3, and miR-9-2/3 double-knockout mice displayed different phenotypes (4) . Together, these data indicate that the three miR-9 isoforms are activated in a tissue-specific pattern and may have alternative and nonoverlapping functions in different cells. Interestingly, we found that ectopic expression of miR-9 enhances myelopoiesis but inhibits B-cell lymphopoiesis, suggesting that miR-9 may act as a critical regulator in cell fate determination in the development of hematopoietic cells.
How miRNAs are regulated in normal cells and are deregulated in transformed cells is not clear. Whereas it is generally accepted that miRNA's down-regulation in cancer cells is often a consequence of inappropriate DNA hypermethylation, the molecular pathways leading to DNA hypermethylation are not known. Here we show that EVI1 inhibits miR-9 transcription by hypermethylation of the miR's promoter. This result suggests that a classic oncoprotein, such as EVI1, in addition to inappropriate interactions with specific transcription factors, can also be involved in DNA methylation, leading to the perturbation of chromatin structure and to the inappropriate deregulation of genes. Our finding also suggests that to maintain normal myelopoiesis, miR-9 expression must be strictly controlled.
A question that arises from our results is which genes are regulated by miR-9 and have a role in myelopoiesis. Each miRNA can target multiple transcripts. The different down-stream targets of miR-9 may contribute to its cell type-or tissue-specific functions. Several potential target genes of miR-9 have been identified in different cell types (7) . Here, we demonstrate that miR-9 inhibits the expression of FoxO1 and FoxO3 genes by binding to conserved sites in the 3′ UTR of both genes, indicating that miR-9 is indeed an upstream regulator of FoxO1 and FoxO3. The miR-9 binding sites are conserved in vertebrates, suggesting that the regulatory function of miR-9 on FoxO1 and FoxO3 is not species specific. Previous in vivo studies showed that loss of FoxOs resulted in an expansion of myeloid cells (33) . In this study, we showed that overexpression of FoxO3 suppresses myeloid cell differentiation induced by miR-9. Taken together, the data indicate that FoxO3/FoxO1 are critical targets of miR-9 in hematopoietic cells and mediate the function of miR-9 in regulation of myeloid lineage commitment and differentiation. It was reported that miR-9 could act as an oncogene or tumor suppressor in different contexts. We find that in BM cells miR-9 is down-regulated by EVI1 and that it reduces the EVI1-induced suppression of myeloid cell differentiation, suggesting that miR-9 may act as a tumor suppressor in a subset of myeloid neoplasms expressing EVI1. However, it is possible that miR-9 is also suppressed in some EVI1-negative hematopoietic malignancies through some other factors facilitating de novo DNA methylation.
Materials and Methods
DNA Plasmids. The EVI1 plasmids used in this study have been described (36) . To express murine miR-9-3 and human miR-9-1, 111-bp (miR-9-3) and 441-bp (miR-9-1) PCR fragments, including the stem loops, were obtained by genomic PCR and cloned into XhoI and EcoRI sites of the Migr1 vector. The murine miR-9-3 regulatory region between nucleotides −460 and +58 (where +1 corresponds to the stem-loop start site of the miR) was amplified by genomic PCR and cloned in the promoterless luciferase reporter plasmid pGL4.20 (Promega). The EVI1/miR-9/Migr1 construct was obtained by insertion of a 111-bp PCR fragment containing murine miR-9-3 into the XhoI site of the EVI1/Migr1 plasmid. To obtain the 3′ UTR FoxO1/pMir-Report or 3′ UTR FoxO3/pMir-Report constructs, a 583-bp or a 447-bp PCR fragment containing conserved binding sites for miR-9 was amplified from murine cDNA and cloned in the SacI and HindIII restriction sites of the pMir-Report vector (Applied Biosystems). Sponge miR-9 plasmid was obtained from Addgene (catalog no. 25040). Dnmt3b/Myc plasmid was kindly provided by Chih-Lin Hsien (University of Southern California, Los Angeles). HA-tagged FoxO3-3A/pBabe mutant plasmid was a generous gift from Paul J. Coffer (University Medical Center, Lundlaan, The Netherlands). Whole FoxO3-3A ORF was subcloned into EcoRI/ XhoI sites of pMSCVneo vector (Clontech) and a 111-bp miR-9-3 PCR fragment was added into the XhoI site of FoxO3-3A/pMSCV plasmid. All PCR-amplified DNA fragments were verified by DNA sequencing.
Cell Infection and Transfection. To generate infectious retrovirus particles, we transfected 10-20 μg of plasmid/10-cm plate in the packaging GP2-293T cells (Clontech) with MegaTrans 1.0 reagent (OriGene). DNA transfection of adherent cells was performed by the calcium phosphate precipitation method.
Cell Culture. The 293T and NIH 3T3 cell lines were maintained as described (37) . 32Dcl3 culture and differentiation were described (36) .
BM Transplantation. The isolation and infection of Lin
− cells and the reconstitution of irradiated syngeneic recipient mice have been described (43) . All of the animal studies were performed in accordance with the guidelines of the Animal Care Committee of the University of Illinois at Chicago.
Colony Formation Assay. Lin − BM cells were infected with the retroviruses.
The GFP-positive cells were sorted by flow cytometry and plated in duplicate in methylcellulose medium (MethoCult M3234; StemCell Technologies) supplemented with murine IL-3, IL-6, GM-CSF, and stem cell factor. The colonies were cultured and counted as described (43) .
Flow Cytometry Assays. Single-cell suspensions from BM were stained with the indicated fluorochrome-conjugated antibodies (BD Bioscience). Flow cytometry was performed at the University of Illinois at Chicago facility using The BM cells were infected with vector, FoxO3-3A, miR-9-3, and FoxO3-3A + miR-9-3 retrovirus. Three days after infection, Lin − cells were isolated, and differentiation of Lin − cells were analyzed 3 d later. The experiments were repeated three times. *P < 0.05; **; P < 0.01.
CyAn flow cytometer. For the detection of apoptosis, BM or 32Dcl3 cells were stained with Annexin V (BD Bioscience) and DAPI following the manufacturer's instructions. All data were analyzed by FlowJo software (TreeStar). For isolation of lineage-specific cell populations by FACS, we used total BM cells for the mature populations or pooled Lin − BM cells from five wild-type mice and proceeded. The subpopulation of hematopoietic stem/progenitor cells, including LSK, CMP, GMP, and MEP, were immunostained and sorted as described previously (44) .
qRT-PCR. Total RNA extracted from BM cells was transcribed into cDNA and analyzed with an ABI 7000 Real-Time PCR System (Applied Biosystems). The primers used include C/ebpα, forward: 5′-gaggattcctgcttcctctc-3′, reverse: 5′-cagactcaaatccccaacac-3′; FoxO1, forward: 5′-tcgtacgccgacctcatca-3′, reverse: 5′-tccttgaagtagggcacgctc-3′, FoxO3, forward: 5′-acttcaaggataagggcgacagca-3′, reverse: 5′-cttcattctgaacgcgcatgaagc-3′; Actb, forward: 5′-gtgacgaggcccagagcaaga-3′, reverse: 5′-ggctggggtgttgaaggtctc-3′; premiR-9-1, forward: cggggttggttgttatctttgg, reverse: gctttatgaagactccacaccac; premiR-9-2, forward: gttgttatctttggttatctagc, reverse: cggttatctagctttatgaagac; premiR-9-3, forward: ggaggcccgtttctctctttg, reverse: gctttatgacggctctgtggc. Mature miR-9 was detected by using TaqMan miR-9 assay and U6 assay as normalization control (Applied Biosystems).
DNA Bisulfite Sequencing. Lin − BM cells infected with EVI1 or the empty vector were cultured in vitro for 10 d. Genomic DNA was converted with EpiTect Bisulfite Kit (Qiagen). An aliquot of bisulfite-converted DNA was amplified with methylation-insensitive primers, forward: 5′-ygttygaggttgtttaagygtagag-3′; reverse: 5′-aaatcraatacctaatcccracrta-3′, cloned into Pcr4-topo vector (Invitrogen), and sequenced.
Reporter Gene Studies. The reporter gene assays were performed with wildtype 293T cells (pMir-Report assay) or with NIH 3T3 cells stably transfected with a plasmid expressing the reporter gene under the control of regulatory regions of miR-9-3. The regulatory regions used are nucleotides −460 to +58, −200 to +58, or −134 to +58, where +1 corresponds to the stem-loop start site of miR-9-3. NIH 3T3 cells were transiently transfected with effector plasmids. After 48 h, equal numbers of cells were lysed and analyzed. For the pMir-Report assay, we used Renilla control for reporter readings normalization. All measurements were done in triplicate.
ChIP Assay. ChIP assays were performed with transiently transfected 293T cells using a SimpleChIP Enzymatic Chromatin IP Kit (Cell Signaling Technology) according to the manufacturer's instructions. The DNA fragments were analyzed by PCR using two primers (5′-aaaccgattgtgccaagca-3′ and 5′-tgattccgggagacccaa-3′) designed to amplify 222 bp of the miR-9-3 regulatory region. We used commercially available monoclonal rat antibody to the HA epitope (Roche) and anti-Dnmt3b monoclonal antibody (Imgenex).
